INTRODUCTION
Igneous rocks of the age from Late Cretaceous to Paleogene are extensively distributed in the Inner Zone of Southwest Japan, which is divided into the San'in, Sanyo and Ryoke Zones running from north to south in that order (Fig. 1) . On the basis of radiometric ages of igneous rocks from the Sanyo Zone, Shibata et al. (1978) emphasized that the igneous activity gradually migrated with time from west to east, in parallel to the extension of the southwestern Honshu Arc. On the other hand, Seki (1978) pointed out from Rb-Sr ages of rocks of the Sanyo and San'in Zones in the Chugoku and western Kinki Provinces (the area shown in Fig. 1 ) that the igneous activity gradual ly contracted toward the Japan Sea side, travers ing the southwestern Honshu Arc. Iizumi et al. (1985) , Tainosho et al. (1985) and Sakiyama (1986) discussed northward transition of the field of igneous activity, supporting Seki's view. However, it must be noted that above discus sions were based mainly on K-Ar ages of ig neous rocks (Shibata et al., 1978) or on Rb-Sr ages of volcanic rocks (Seki, 1978) . While many Rb-Sr whole rock isochron ages are available for igneous rocks of the San'in Zone and Shibata(1979) provided several K-Ar age data for plutonic rocks of all of the three zones, only a few Rb-Sr whole rock isochron ages have been reported for igneous rocks of the Sanyo and Ryoke Zones of this area.
We have obtained three reliable Rb-Sr whole rock isochron ages of granites occurring in these two zones and constructed a new radiometric age et al. also in and to the south of the Ryoke Zone and can be regarded as 'post-kinematic' granites. Ac cording to a study of granites occurring in Cen tral Japan (Harayama et al., 1985) , the emplace ment of the older Ryoke-type granites took place between 120 and 90 Ma. On the other hand, those of the younger Ryoke-type and Hiroshima-type granites took place between 90 and 65 Ma and between 65 and 45 Ma respec tively. Though the emplacements of the older and younger Ryoke-type granites in the Kinki province took place almost simultaneously with those of Central Japan, the plutonism of the Hiroshima-type granite took place in the wide range between 110 and 70 Ma (Tainosho et al ., 1985) . However, the precise ages of the older Ryoke granites in these two provinces have not been measured yet.
Names of individual masses of granites occur ring in each region and their classification are shown in Table 1 . pending upon the Rb and Sr concentrations of Takanawa Peninsula , East the samples, were dissolved in a mixture of Sanuki and Shodo-shima (Kutsukake et al., 40%HF (2 ml), 65%HNO3 (0.5 ml) and 30%HC1 1979), Okayama (Nureki et al., 1979) . Modal (0.5 ml) in a Krogh's-type teflon vessel (Krogh , and chemical compositions of granites are also 1973). The vessel was loaded into a self-sealing stainless steel jacket and was heated at 210°C for 7 days. Rb and Sr were separated following the procedure described by Kagami et al. (1982 Kagami et al. ( , 1987 .
The extracted elements were loaded onto a Ta-filament in a double filament mode. Mass spectrometric analyses were conducted using a MAT261 mass spectrometer in the Institute for Study of the Earth's Interior (ISEI). 87Sr/86 Sr ratios were normalized to 86Sr / 88Sr = 0.1194.
Sr isotopic ratios for NBS987 were measured twice during this study. Average ratio was 0.710253±0.000023 (2o). Rb and Sr concentra tions of samples were obtained using a 87Rb-86Sr mixed spike. The values of BCR-1 were 46.45 ppm for Rb and 327.8 ppm for Sr; identical to the average values given by Flanagan (1973) . We estimate an error of 1 % for the Rb / Sr ratio of each sample based on reproducibility of the data.
Rb-Sr whole rock isochron ages were calculated using the equation of York (1966) and A87 Rb = 1.42 x 10-"y-' (Steiger and Jager, 1977) . The K-Ar biotite ages in the text were recalculated using the new decay constant of Steiger and Jager (1977) . Analytical results are shown in Table 2 .
The Sr isotopic ratios of the samples marked with asterisks were measured by VG Isomass 54E of the Geological Survey of Japan (GSJ). The Sr isotopic ratio for NBS987 used in this study is 0.710281±0.000013(2a), which is 0.000028 higher than that of ISEI. For this reason, the Sr isotopic data measured in GSJ were normalized to that of ISEI by subtracting 0.000028 from the measured ones. The Rb and Sr concentrations of the asterisked samples were measured by XRF (Toshiba, AFV-202). The estimated margin of er ror for Rb/Sr ratios is 5%. The Rb and Sr con centrations and 87Rb / 86Sr ratios measured in GSJ tally within the limits of errors with those of ISEI.
RESULTS
The regression calculation of the Rb-Sr isotopic data of the granites from Takanawa Peninsula yielded an age of 93.1 ± 2.9 Ma and the initial Sr isotopic ratio of 0.70769±0.00011 (Fig. 3) . These values are only slightly different from the previously reported ones which were calculated using the equa tions devised by York (1969) . It is noteworthy that no difference in the initial Sr isotopic ratio is found among the Kikuma, Matsuyama and coarse-grained granites which are members of the older Ryoke and younger Ryoke and Hiroshima-type granites, respectively. Figure 4 shows the Rb-Sr isochron diagram for granites from Shodo-shima and East Sanuki . The Yoshino and Shodo-shima granites, together with one of two samples from the Shido granite, form an isochron which indicates the age of 82.1 ± 3.0 Ma and initial Sr isotopic ratio of 0. (Kawano and Ueda, 1967) .
The K-Ar ages of 77 Ma, 83 Ma and 87 Ma have been reported for the Shirotori granite (Geol. Sur. Japan, 1975) . The Rb-Sr whole rock isochron age, 93 Ma, of this granite is 6 Ma older than the oldest K-Ar age (87 Ma). The former age is not a precise one because it has a large uncertainty of 28 Ma. Taking into account the age difference between Rb-Sr whole rock and K Ar biotite ages of granites (4 to 9 Ma, Shibata and Ishihara, 1979) , the true Rb-Sr whole rock age of Shirotori granite may be estimated to lie between 96-90 Ma. It is remarkable that the granites in the Okayama region form a well-defined Rb-Sr isochron, because the samples include four different types of granites collected widely (see Figs. 1 and 2) . This means that all the granites in this region have similar initial Sr isotopic ratios and were formed simultaneously. The K-Ar biotite age of these granites is around 80 Ma (Shibata, 1979) , about 4 Ma younger than the Rb-Sr isochron age. The difference between the Rb-Sr whole rock isochron and K-Ar biotite ages is similar to that observed in the granites of Takanawa Peninsula.
On the contrary, K-Ar ages of 86 Ma to 88 Ma have been reported for granites occurring in the western part of Okayama City and its vicini ty (Kawano and Ueda, 1966; Shibata, 1968) , 3-5 Ma younger than 90.5 Ma, the Rb-Sr whole rock isochron age of the Kurashiki granite distributed further west (Shibata and Ishihara, 1979 The difference between the Rb-Sr whole rock isochron and oldest K-Ar biotite ages is 4 Ma, which is almost comparable to the range of 4-9 Ma reported by Shibata and Ishihara (1979) for granitic plutons of Japanese Islands.
Migration of Late Cretaceous to Paleogene ig neous activity in the Inner Zone of Southwest Japan
Rb-Sr whole rock isochron ages of granites in the Inner Zone of Southwest Japan are sum marized in Fig. 6 . The oldest values of K-Ar ages of each plutonic mass are shown by the under lined numbers for reference where the Rb-Sr whole rock isochron ages are not available (note that they are usually about 4-9 Ma younger than Rb-Sr isochron ages). The age of Shirotori granite occurring in northern Shikoku is shown using the oldest K-Ar biotite age, 87 Ma, because its Rb-Sr whole rock isochron age has a large uncertainty. This K-Ar biotite age is shown in the southernmost of East Sanuki (Fig. 6) . Moreover, Rb-Sr whole rock isochron ages of volcanic rocks are shown by the numbers en closed in a square. Shibata and Ishihara (1974 ), Geol. Surv. Japan (1975 , Seki (1978 Seki ( , 1981 , Shibata (1979) , Iizumi et al. (1984 , , Nakajima and Shirahase (1987) , Sudo et al. (1988) , Honma (written communication).
of the Sanyo Zone (Iizumi et al., 1985; Sakiyama, 1986) . Thus, igneous activity should have taken place extensively during 120-90 Ma throughout the whole area covering the San'in, Sanyo and Ryoke Zones. On the contrary to the older ones, igneous rocks with the age of 75-60 Ma are distributed in a narrow zone along the Japan Sea coast bor dered to the south by the dashed line Z-Z' in Fig. 6 . This line clearly intersects lines X-X' and Y-Y', which show trends of distribution of ig neous rocks of 86-84 Ma and 82-80 Ma. Thus, distribution of igneous rocks of 75-60 Ma cuts across the zonal distribution pattern of igneous rocks older than them. It is notable that the suc ceeding igneous activity occurred at the age around 35 Ma in almost the same area as that of 75 Ma to 60 Ma (lizumi et al., 1985) . These data suggest that the field of igneous activity shifted remarkably at about 75 Ma. Thus, it is hard to consider that all the igneous activities from Late Cretaceous to Early Paleogene were caused by or associated with a single and continuous geological process. Lee (1981) reviewed the radiometric ages of granites in South Korea and showed three main stages of intrusion around 110 Ma, 90 Ma and 70 Ma. These values correspond well to the ages of granites in the Chugoku, western Kinki and northern Shikoku Provinces.
As mentioned above, the conversion of the field of igneous activity took place at around 75 Ma. This event cannot be interpreted in terms of the one-directional steady movement of the Pacific Plate which began to subduct at 130 Ma (Klein and Kobayashi, 1980) . Similarly, the event around 75 Ma cannot be related to the mo tion of the Philippine Sea Plate because this plate started to move at 40-30 Ma (Matsuda, 1979; Circum-Pacific Council, 1981) . Moreover, the event around 75 Ma cannot be explained by the folding (or bending) of the Honshu Arc, either, since paleomagnetic data of the Cretaceous to Paleogene igneous rocks reject the folding before Paleogene (Ito and Tokieda, 1986) . Hayama (1979) and Fuj ita and Ganzawa (1982) reviewed radiometric age data of igneous rocks occurring in and around the Japan Sea and suggested that the field of igneous activities gradually narrowed toward the central area of the Japan Sea from Late Cretaceous to Paleogene. Fujita and Ganzawa (1982) also showed that the field of igneous activities expand ed again in Neogene. Takahashi (1980 Takahashi ( , 1986 pro posed that the extensive igneous activity in Middle Neogene is related with opening of the Japan Sea. Fujita and Ganzawa (1982) consid ered that the igneous activities since. Jurassic are related to the formation of the Japan Sea. Here we showed that the migration of the igneous ac tivity toward the Japan Sea occurred around 75 Ma. This abrupt change of the igneous activity should be considered in relation to the geological situation surrounding the Japan Sea. Table 6 , Kutsukake et al., Table 6 , Kutsukake et al., Table 8 , Kutsukake et al., Table 8 , Kutsukake et al., 1979 Kutsukake et al., 1979 Kutsukake et al., 1979 Kutsukake et al., 1979 Kutsukake et al., 1979 
